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Abstract 
Many countries foresee the ability of offshore geologic settings to meet anticipated long-term national 
CO2 storage needs. Although the costs of operating offshore are significant, they may be offset by 
reduced issues of risk, property ownership and long-term liability. Continued interest in offshore CCS 
(e.g., EU, Australia, Japan, and U.S.A.) has focused on aspects familiar to onshore work: storage 
capacity, risk, monitoring, and containment assurance. Over the last decade, the Gulf Coast Carbon 
Center at the Texas Bureau of Economic Geology conducted numerous studies of storage potential along 
the eastern seaboard of the U.S. and the northern Gulf of Mexico (GOM). Much of the work focused on 
regional geologic characterization, capacity assessment, and identification of potential risks and migration 
pathways. In general, capacity estimates indicate that the offshore storage resource has been under-
appreciated as a national resource in the United States, but is receiving more attention. Current research 
efforts focus on the offshore northwestern GOM where the bulk of potential storage capacity resides. The 
work has also focused attention on the significant role of regional structural compartmentalization on 
storage capacity, pressure evolution, potential migration pathways, and long-term containment. 
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1. Introduction 
The GOM Basin is a very thick (>30,000 feet) sedimentary wedge that contains a multitude of sandstone 
reservoirs and regional seals relating to transgression and regression depositional cycles since the 
Mesozoic. Further, as one of the world’s great hydrocarbon provinces, the GOM provides a well-
understood and infrastructure-rich setting that enhances it’s already high potential for CO2 sequestration. 
The geologic setting of the northern GOM involves net coastal progradation on a passive continental 
margin with attendant salt growth and regional normal faulting. These structural developments have 
allowed for thousands of feet of sand-rich paralic terrestrial, inner shelf and marine stratigraphy to 
accumulate, but have also introduced significant discontinuities into the stratigraphy. Given the general 
abundance of high reservoir quality demonstrated from hydrocarbon exploration, our research focus has 
been on the significance of these discontinuities for regional stratigraphic correlation of reservoir intervals 
(sand-prone depositional systems) and sealing (mud-prone) intervals. Faults can form traps for CO2 or 
hydrocarbons, but they can also compartmentalize traps and limit local capacity. Faults can also be 
potential migration pathways, which have the potential to limit or expand storage capacity (i.e., by 
extending CO2 storage to other reservoirs). 
Decades of prior experience with historic hydrocarbon production activities in the U.S. Gulf of Mexico 
(GOM) provide data, which suggest that the basin represents exceedingly high potential for storing any 
and all anthropogenic carbon dioxide emissions captured within the GOM coast states (i.e., Texas, 
Louisiana, Mississippi, Alabama, and Florida).  Indeed, the U.S. GOM has the potential to accept for 
permanent storage, captured emissions from U.S. states beyond the GOM states. Initial assessments of 
GOM capacity reported in the U.S. Department of Energy / National Energy Technology Laboratory’s 
(DOE/NETL) 2010 Carbon Sequestration Atlas of the United States and Canada [1] suggest that the 
GOM has somewhere between 843 and 11,586 billion metric tons of potential CO2 storage capacity. 
Approximately, 47% of the total GOM storage capacity (onshore + offshore) is in Miocene age reservoirs 
(both saline aquifers and previously discovered hydrocarbon reservoirs), and most Miocene storage 
capacity exists in offshore locations. Our estimates of storage capacity in lower Miocene and upper 
Miocene rocks, respectively, of the northwestern GOM Federal OCS (offshore continental shelf). We 
estimate that the most likely storage capacity (P50) for the Lower Miocene is 89 billion metric tons and 
the P50 for the Upper Miocene is 199 billion metric tons. These regional storage capacity estimates are 
based on the method  defined by [1] and used in the DOE/NETL Carbon Sequestration Atlas. 
2. Study area 
For the Miocene stratigraphic interval studied in detail along the Texas coast with support from US-
DOE/NETL and the Texas General Land Office, regional time structure horizons interpreted from 
integrated 3D seismic volumes have been mapped over ~4,100 square km along the innermost shelf (< 16 
km offshore, <30 m water depth) and correlated with geologic well log data (Figure 1A). In addition, 
seismically-resolvable fault geometries and salt features have been mapped throughout the volume (Fig. 
1B & C). The involvement of faults in historical oil and gas accumulation (Figure 1B) provides some 
insight for their potential role in sequestration activities, especially with regard to stable high-saturation 
accumulation settings, sealing characteristics and potential migration pathways. The faults in red in 
Figure 1C are those that extend vertically above the Miocene interval to the near-seafloor environment, 
which are the faults that may be capable of transferring buoyant fluids to the seafloor. Fault heave 
polygons are bounding even the largest potential sites and often cut through structural highs. Prospective 
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CCS sites for the Lower Miocene horizon are rollover anticlines (labeled 1 in Figure 1A), transverse 
grabens (2-6), faulted syncline mini-basins (7-12), and piercement salt domes (13-14). 
For the horizon in Figure 1A, the dominant play type is rollover anticlines formed during the regional 
growth faulting phase of the Clemente-Tomas linked growth fault [2]. Figure 3B shows existing gas fields 
from the Lower Miocene. These field accumulations conform predominantly to structure rather than 
stratigraphy. This has strong implications that the understanding of fault seal, regardless of the play type 
chosen, is critical for understanding permanent trapping. 
Fig. 1. Structure, Faulting, and Natural Gas Accumulations of the Lower Miocene. 
3. Historic gas field accumulation data 
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Considering that the historical gas accumulations in the Miocene interval might serve as a guide for 
predicting CO2 accumulation sizes from engineered injection, the distribution of gas field sizes has been 
evaluated. Miocene fields (N = 3,392) have been categorized by trap type and the distribution of field 
sizes for each trap type are presented in Figure 2. It does not appear that trap types associated with 
faulting have a different distribution of field sizes than those trap types that are not associated with faults.  
Simple anticline structures and up-dip stratigraphic pinch-out fields tend to be slightly larger, having a 
median perhaps a factor of 2-5 higher than other structures, but the largest number of fields (1,524 out of 
3,932 reservoired economic gas accumulations) occurs in faulted anticline settings. 
For the Miocene gas accumulations we are aware of, some 80% are associated with structural 
deformation and involve some degree of faulting. We interpret this to indicate that fault seal is not 
generally a detriment to gas accumulation size, and infer that this would be similar for CO2 storage 
projects of similar style. While any individual field may need to be assessed for top and fault seal, it does 
not appear that faulted settings are necessarily poor at retaining buoyant fluids over geologic timescales. 
Rather, in many cases it appears that faults may serve to help retain up-dip migrating fluids. This 
information is utilized further below in the fetch area analyses where we consider regional trapping 
scenarios both with and without regional fault seal. One unfortunate deficiency in the database is that 
field column height is not recorded. 
Of particular note is the tendency for all trap types to have a similar maximum field size of around 3E+07 
m3. Converting methane volumes to equivalent CO2 volumes in-situ using an average volume formation 
factor indicates the maximum field size is ~ 50 Mt CO2 equivalent. It is currently unclear if this represents 
a physical limit to accumulation size, or if this is more related to volumetric charge history. Larger gas 
fields are known in other basins globally, but there seems to be a characteristic upper limit for gas field 








































Empirical CDFs for different trap types
All Miocene-age data (N = 3,932)
Anticline (76)
Faulted Anticline (1,524)
Rollover anticline into growth fault (575)
Normal fault (1,147)
Flank trap associated with salt or shale diapirs (346)
Sediments overlying dome (56)
Updip facies change (166)
Updip pinch-out (42)
Solid grey curve is entire population 
(N = 10,283)
Fig. 2. Distribution of natural gas field sizes in Miocene-age reservoirs of the Gulf of Mexico.  While un-faulted trap types do have 
the largest median field size, there does not appear to be a significant influence of faulting on the distribution of field sizes,
especially with regard to maximum field size (~1 Tcf; 3E+07 m3; ~50 Mt CO2). Data are from BOEM’s productive sands database. 
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4. Fetch and closure analysis 
Using traditional petroleum systems concepts like structural closure, ‘fill-and-spill’, and ‘fetch area’ [3, 4] 
we’ve been able to identify major storage exploration compartments for the GOM Miocene interval. 
These fetch areas are analogous to watersheds in surface water drainage basins in that any migrating fluid 
within a fetch area is likely to remain in that fetch area due to structural considerations. Watersheds are 
separated by topographic maxima; fetch areas for buoyant fluids are separated by topographic minima, 
and can include faulted boundaries. Fetch areas represent regions within which any injected CO2 would 
tend to migrate until immobilized via dissolution, capillary trapping or free-phase structural 
accumulation, or some combination of these. The analysis here is simply topological and does not include 
any consideration for distribution of geologic facies within a stratigraphy. Given the prolific alternating 
sand and shale packages within the GOM stratigraphy, the occurrence of suitable injection reservoir and 
seal are of less concern than identifying the most prospective regions. The current analysis assumes top 
seal continuity and integrity above the structure horizon mapped. As such, the analysis represents a first 
look at compartmentalization, which can then be followed-up with more site specific analyses including 
stratigraphic information related to reservoir and seal distribution and quality.  
The primary inputs into the fetch and closure analysis presented here are the structure horizon of the 
Lower Miocene and the mapped fault geometries (Figure 1A). This structure horizon can be interrogated 
spatially to define the 100 (arbitrary number) largest closure areas with column height filled to spillpoint 
(solid black shapes in Figure 3). 
Fig. 2. Fetch and closure analysis for the lower Miocene structure horizon shown in Figure 1. Blue lines 
are faults as in Figure 1. Grey lines are fetch area boundaries for the 100 largest closures shown in solid 
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black, which do not consider faults, only topography. The stippled grey areas are closures when faults are 
assumed to be sealing, and represent a significantly larger area than closures that do not consider sealing 
faults. The stippled red areas are the existing gas fields associated with the lower Miocene structure 
horizon, and can be seen to coincide primarily with the structural highs. Note lack of gas fields on down-
dip portions of fetch areas. 
When faults are considered as completely sealing, structurally trapped areas are sensibly larger than the 
closure areas that do not consider faults. There is a strong correlation between the occurrence of known 
gas fields and the areas of topographic closure (compare position of stippled red areas with the solid black 
areas). This suggests that topographic structure is the primary control on high saturation accumulations 
(economic) of natural gas that has migrated under geologic timescales under buoyancy driven flow. One 
of the important considerations for CO2 storage is how much additional volume beyond the gas volumes 
can be accessed for storage. Figure 3 suggests that if faults are primarily sealing that the potential storage 
volume is much higher (grey stippled area) than if simple structural closure (topographic highs, solid 
black areas) are considered alone. In any case, Figure 3 highlights the need to understand the role of faults 
in compartmentalizing storage space. Existing natural gas fields are apparently under-filled in comparison 
to their structural closure. Reasons for under-filled structures are being investigated in the context of 
expanded CO2 storage opportunities. 
5. Conclusions 
The Miocene interval of the GOM is a highly prospective CO2 storage target. Prior hydrocarbon 
occurrence provides ample examples of buoyant fluid retention in a variety of structural and stratigraphic 
settings. Analyses of reservoired economic gas accumulations indicates that faulting does not result in 
different field size distributions, suggesting faulting is not necessarily a detriment to storage of buoyant 
fluids. Gas field sizes in the Miocene-age stratigraphy indicate there is a typical maximum field size, 
equivalent to approximately 50 Mt CO2. While larger fields are present globally, we demonstrate that 
existing fields are apparently under-filled when compared with the fetch area in which they occur. This 
suggests maximum field size relates either to charge history (low volume) or to dynamic fault seal 
characteristics. Gas field occurrence is primarily controlled by topography and regional structural 
elements such as faults. Economic gas fields do not occur on the flanks of structural compartments, but 
rather at their apexes, perhaps providing a valuable perspective on the long-term fate of much of any CO2
injected into any given fetch area. 
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